To determine the association of medical marijuana legalization with prescription opioid utilization. METHODS: A 10% sample of a nationally representative database of commercially insured population was used to gather information on opioid use, chronic opioid use, and high-risk opioid use for the years 2006-2014. Adults with pharmacy and medical benefits for the entire calendar year were included in the population for that year. Multilevel logistic regression analysis, controlling for patient, person-year, and state-level factors, were used to determine the impact of medical marijuana legalization on the three opioid use measures. Sub-group analysis among cancer-free adults and cancer-free adults with at least one chronic non-cancer pain condition in the particular year were conducted. Alternate regression models were used to test the robustness of our results including a fixed effects model, an alternate definition for start date for medical marijuana legalization, a person-level analysis, and a falsification test. RESULTS: The final sample included a total of 4,840,562 persons translating into 15,705,562 person years. Medical marijuana legalization was found to be associated with a lower odds of any opioid use: OR = 0.95 (0.94-0.96), chronic opioid use: OR = 0.93 (0.91-0.95), and high-risk opioid use: OR = 0.96 (0.94-0.98). The findings were similar in both the sub-group analyses and all the sensitivity analyses. The falsification tests showed no association between medical marijuana legalization and prescriptions for antihyperlipidemics (OR = 1.00; CI 0.99-1.01) or antihypertensives (OR = 1.00; CI 0.99-1.01). CONCLUSIONS: In states where marijuana is available through medical channels, a modestly lower rate of opioid and high-risk opioid prescribing was observed. Policy makers could consider medical marijuana legalization as a tool that may modestly reduce chronic and high-risk opioid use. However, further research assessing risk versus benefits of medical marijuana legalization and head to head comparisons of marijuana versus opioids for pain management is required.
INTRODUCTION
Despite substantial documentation of risks associated with long-term opioid use and the lack of evidence on long-term opioid therapy for chronic pain management 1 , opioids are one of the most commonly prescribed drugs in the USA. 2 Although the rates of opioid prescribing have declined since 2010, they still remain approximately 3 times higher than rates in 1999. 3 In 2016, 66.5 opioid prescriptions per 100 persons were dispensed. 4 Over 25% of drug overdose deaths occurring in 2017 involved the use of a prescription opioid, and deaths related to prescription opioid overdose have increased by over 400% from 2000 to 2017. 5 The rise in opioid use, misuse, and overdose has led to opioid prescribing becoming a topic of national importance. President Trump has declared opioid misuse as a National Public Health Emergency 6 and state and national governments are taking active measures to curb opioid prescribing. 7 Although marijuana is a federall schedule 1 drug, since 1996, 30 states and DC have legalized marijuana for medical uses, and since 2013, 9 states have legalized its recreational use. 8 In states where marijuana is legalized for medical use, chronic pain is one of the approved indications 9 and a majority of persons acquiring medical marijuana do so for pain management. 10 Medical marijuana patients report a higher likelihood of substituting or reducing opioid use while managing their pain with medical marijuana. [11] [12] [13] [14] Today, fewer people perceive marijuana to be harmful compared to a decade ago. 15 The perceived safety of marijuana coupled with its legalization for chronic pain management could lead to an overall decline in opioid use. However, studies show a high prevalence of concomitant use of cannabis and opioids among pain patients. 16, 17 Furthermore, marijuana has been hypothesized to be a Bgateway drug,^suggesting that increased cannabis availability, through legalization, may increase use of other drugs such as opioids.
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Currently, mixed evidence exists concerning the effects of medical marijuana legalization (MML) on opioid use and opioid-related outcomes. Studies have shown fewer opioid overdose deaths, 20, 21 decreases in admissions for opioid addiction, 21, 22 and reductions in hospitalizations for opioid overdoses 22 following medical marijuana legalization. Medical marijuana legalization was also found to be associated with an overall decrease in analgesic prescriptions among elderly Medicare patients. 23 However, medical marijuana legalization was not associated with opioid misuse 24 or the number of opioids distributed to retail and medical settings in a state. 21 To the best of our knowledge, no previous studies have explored the association between medical marijuana legalization and the likelihood of acute and chronic prescription opioid utilization.
The variability in states' decisions to legalize marijuana creates a natural experiment to determine whether medical marijuana legalization is associated with opioid use. This study aims to determine the association between states' decisions to legalize medical marijuana and the likelihood of opioid use, chronic opioid use, and high-risk opioid use.
METHODS

Data Sources
We used a random 10% sample of patients from the IMS Lifelink+ database from 2006 to 2014. IMS Lifelink+ is a nationally representative database of commercially insured patients and includes their enrollment information and inpatient, outpatient, and insurance-funded pharmacy claims. The demographic variables in the person-level enrollment file include age, sex, state of residence, and type of payer (Medicare, Medicaid, commercial insurance, etc.). The inpatient and outpatient files contain diagnosis information, procedure codes, and the date of service for all insurance claims filed for an enrollee from 2006 to 2014. The pharmacy file includes retail as well as mail order prescription records from 2006 to 2014.
The Area Health Resource File was used to gather statelevel data on unemployment rates and the number of physicians per 1000 residents for each study year (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . It is a publically available dataset which gathers data from multiple sources. 25 It has socioeconomic data and data on availability and type of healthcare professionals and health facilities.
The National Alliance for Model State Drug Laws (NAMSDL), which comprises information on state policies concerning alcohol and drug regulation, was used to gather information on states' implementation of Prescription Drug Monitoring Programs and Pain Clinic Laws. 26 
Study Subjects
For each year, the study population comprised of all persons aged ≥ 18 on January 1st of that particular year. The subjects were also required to have pharmacy and medical benefits for the entire year. Persons with missing or invalid age, gender, state of residence, and payer information in the respective year were excluded for that year. We restricted the sample to adults because medical marijuana is exclusively legalized for adult consumption. Because a subject could meet these criteria in multiple years, each observation represented a person year and not a unique patient.
Study Outcomes
Opioid Use: At least one opioid prescription in the year was defined as opioid use for that year.
Chronic Opioid Use: At least 90 days of opioid use, with a gap of no greater than 30 days between consecutive opioid prescriptions, within a 180-day period, in a calendar year, was defined as chronic opioid use for that year. This definition of chronic opioid use was derived from previously published studies. [27] [28] [29] High-Risk Opioid Use: Opioid use along with at least one of the following: (a) At least 1 day of overlap between opioid and benzodiazepine prescription (b) A maximum daily dose for opioids being ≥ 120 morphine milligram equivalents (MME) (c) A substance use disorder diagnosis in the same year as an opioid prescription was defined as high-risk opioid use.
Proprietary Generic Product Identifier codes were used to identify claims for opioids and benzodiazepines, and diagnosis codes to identify substance use disorder are provided in Supplementary Table 1 .
Independent Variable
The main independent variable was an indicator of whether medical marijuana law was in effect for each state in each particular year between 2006 and 2014. In the years prior to being effective, it was coded as zero and years after becoming effective it was coded as 1, and the year when it became effective it was coded as the fraction of the year in which the law became effective. The start dates for MML in each state, defined as the date when the statute legalizing medical marijuana became effective, were obtained from previous literature and publically available data (Supplementary Table 2 .).
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Covariates Individual-and state-level factors that could influence the likelihood of opioid use were included as covariates. Individual-level demographics factors (gender, payertype, date of birth, and state of residence) were obtained from the enrollment file. These demographics remained constant for each observation of the same patient. Conditions that might influence the likelihood of opioid use in that particular year were obtained from the medical claims. The conditions determined were based on a previously published study 28 and included chronic non-cancer pain (joint pain, back or neck pain, neuropathic pain, headache fibromyalgia), non-chronic pain (abdominal pain, chest pain, other pain), cancer, childbirth, dental visit, trauma, surgery, inpatient admissions for conditions other than those mentioned earlier, and emergency room visit for conditions other than those mentioned earlier. If a patient was included in the sample for more than 1 year, they might have separate conditions in each year depending on their medical claims for that year. The diagnosis and procedure codes to identify each of these conditions are provided in the Supplementary Table 1 . State-level factors included the presence of a prescription monitoring program, whether pain clinic laws were in effect, the rate of physicians per 1000 residents, and the proportion of unemployed residents.
Analysis
Frequency counts and proportions of the patient-level characteristics were calculated for the following three mutually exclusive groups: states that never legalized medical marijuana on or before 2014, pre-MML for states which passed the legislation from 2006 to 2014, and post MML for states which legalized medical marijuana any time in or before 2014. The frequency counts represent patient years, not unique patients.
The distributions for each of the characteristics were compared between the three groups using chi-square tests. Means and standard deviations were calculated for the two state-level characteristics, rate of physicians, and proportion unemployed and comparisons between the three groups were made using one-way ANOVA.
To determine the effect of MML on opioid utilization measures, two-level, multivariate hierarchical logistic regression models were estimated. Hierarchical models allowed us to account for clustering of individual patients within states, but due to large number of enrollees in our final sample and computational limitations of software, we were unable to account for clustering of multiple observations within the same person. The state of residence was incorporated as a random effect. Study year, patient-year-level characteristics and state-level characteristics were all incorporated in the models as fixed effects. Mean predicted probability of opioid use, chronic opioid use, and high-risk opioid use was calculated for MML vs no MML states.
Sub-group Analysis
To determine the impact of MML on opioid utilization among non-cancer pain patients, we conducted a sub-group analysis by excluding all observations for persons with a cancer diagnosis (except non-melanoma skin cancer) in any year from 2006 to 2014.
In another sub-group analysis, we estimated the effect of MML on opioid utilization among chronic non-cancer pain patients. We restricted the sample to cancer-free adults which had at least one diagnosis for a chronic non-cancer pain condition in the particular year.
Sensitivitiy Analysis
To account for the delay between effective date and the actual availability of medical marijuana, a sensitivity analysis was conducted where the start date of MML was considered to be the date when the first dispensary commenced operations for states that prohibit cultivation by patients or designated caregivers and use dispensaries to distribute marijuana (Supplementary Table 2 ). Next, models where the state of residence and year were specified as fixed effects were used to model each outcome. Third, because of our inability to account for nesting of multiple observations within an individual, we conducted a person-level analysis by including only the first observation for each patient that met the inclusion/exclusion criteria. Lastly, a falsification test was conducted that explored the impact of MML on the likelihood of antihyperlipidemic and antihypertensive drug use. The falsification test was conducted to determine whether our findings might be explained by residual confounding and a null finding for these outcomes would refute, though not disprove, that residual confounding is responsible for any observed differences in our opioid outcomes.
RESULTS
A total of 4,973,963 persons translating to 16,153,580 person years met the inclusion criteria of which 133,401 (2.68%) persons and 448,018 (2.77%) person years had missing/ invalid age, gender, payer, or state information and were excluded. The final sample comprised of 4,840,562 persons translating into 15,705,562 person years. The sample predominantly consisted of persons with commercial or self-paid insurance, between the ages of 31 and 54 years of age and approximately 35% had a chronic pain diagnosis (Table 1) . In states that legalized marijuana, post MML, the sample was slightly older, more likely to be male, and have more chronic non-cancer pain diagnoses compared to pre-legalization (Table 1 ). In states which never legalized marijuana during or before 2014, the population was younger, less likely to have chronic non-cancer pain diagnoses, or non-chronic pain diagnoses compared to states which legalized marijuana on or before 2014 ( Table 1 ).
States that did not legalize marijuana prior to December 2014 had a higher proportion of opioid use, chronic opioid use, and high-risk opioid use than states that did enact MML in unadjusted analyses (Table 1. ).
In the fully adjusted analyses, MML was associated with a lower probability of opioid use (MML:19. The results after using the alternative model specifications, modifying the definition of the start date of MML, and including only one observation per-person were consistent with our primary analysis (Tables 3 and 4) . The falsification test revealed that, as anticipated, MML had no impact on the utilization of antihyperlipidemic or antihypertensive drugs (Table 2) .
DISCUSSION
Medical marijuana legalization was associated with lower odds of opioid use, chronic opioid use, and high-risk opioid use when controlling for many state-level and patient-level factors. Similar results were observed even after excluding cancer patients, restricting to cancer-free adults with at least one chronic non-cancer pain diagnosis, changing the regression modeling technique, or conducting a person-level analysis. In addition, the falsification test demonstrating that MML Unit of observation for patient level characteristics is person years, and they are expressed as frequency and % of person years, and compared between the three groups using chi-square tests. Unit of observation for state-level characteristics is state years, and they are expressed as mean and standard deviations, and compared between the three groups using analysis of variance. If MML was effective before or in the month of July of the respective year, then the data for the entire year was described in the post-MML group, whereas if MML was effective after July of the respective year, then the data was described in the pre-MML group *Pre-MML group comprises of data prior to medical marijuana legalization in the 12 states that legalized medical marijuana in our study period status had no impact on any of the use of antihyperlipdemics or antihypertensives adds confidence to these findings suggesting that residual confounding is less likely. This study indicates that legalizing medical marijuana is associated with lower use of opioids and opioids used chronically across states, broadly, and in subgroups of cancer patients and cancer-free groups with chronic pain. The impact of MML on chronic opioid use is noteworthy considering that chronic opioid use, more so than acute opioid use, is positively associated with opioid misuse. 31 Chronic opioid use is also shown to be associated with greater medical costs 32 and, in many cases, leads to dose escalation due to developing tolerance, and eventually opioid overdoses. 33 We also found a small but significant association between medical marijuana legalization and the lower likelihood of high-risk opioid use, which we defined as having overlapping prescription of benzodiazepines and opioids, high-dose opioid prescriptions (> 120 MME), or an opioid prescription with a history of substance use disorder. In a survey among patients on chronic opioid therapy, nearly a third of patients reported concomitantly using benzodiazepines, 34 and simultaneous use of this drug class has been shown to increase the likelihood of respiratory depression and fatality. 35 Prescribing opioids to persons with a history of substance use disorders is also associated with a greater likelihood of long-term opioid use 28 and higher-dose opioid prescriptions are associated with a greater likelihood of unintentional opioid overdoses. 36 In light of these facts, the negative association between MML and chronic opioid use, and high-risk opioid prescribing, though modest, may lead to lower rates of unintended consequences of prescription opioid use.
While this study highlights that making marijuana legally available may mitigate the use of opioids, it does not offer any insights as to the efficacy of marijuana in pain management. Although the pharmacologic properties of opioids and marijuana differ substantially, they both share a potential for misuse and medical marijuana legalization is shown to increase the likelihood of illicit use of marijuana as well. 37 Furthermore, marijuana use may also be associated with developing substance use disorders for other substances including alcohol, tobacco, and illicit drugs. 38 Marijuana use is also found to be associated with impairment in certain cognitive domains, [38] [39] [40] an increased likelihood of adverse pulmonary function after prolonged exposure 38, 41 and development of psychotic symp- A multilevel logistic regression model with state of residence as random effects and year as fixed effect was used *In addition to state of residence and year, the models accounted for patient age, gender and payer type, whether the patients received a chronic pain diagnosis, non-chronic pain diagnosis or experienced trauma, surgery, childbirth, dental procedure, any inpatient stay, burn or any emergency department visit in the given year. Also the model accounted for the following state level factors as fixed effects: presence of prescription drug monitoring program, presence of pain clinic laws, unemployment rate and number of physicians per 1000 persons In addition to state of residence and year, the models accounted for patient age, gender and payer type, whether the patients received a chronic pain diagnosis, non-chronic pain diagnosis or experienced trauma, surgery, childbirth, dental procedure, any inpatient stay, burn, or any emergency department visit in the given year. Also the model accounted for the following state level factors as fixed effects: presence of prescription drug monitoring program, presence of pain clinic laws, unemployment rate and number of physicians per 1000 persons toms. 38, [42] [43] [44] Most of the studies assessing the benefits and harms of marijuana are short term and none of the studies have carried out head-to-head comparisons between marijuana and opioids. This study emphasizes the need for more research to establish the risk-benefit profile for marijuana because these findings suggest that despite the lack of conclusive evidence on marijuana's long-term safety, it might be substituting opioids for acute and chronic pain management where available legally.
These findings need to be interpreted in light of the following limitations. First, prescriptions obtained by either paying out-of-pocket or obtained illicitly were not included in this study. However, this would only influence the findings if marijuana legalization would change the likelihood of patients seeking opioids through these sources. Second, the analyses do not control for the number of dispensaries or number of plants allowed in home cultivation within a state which could influence the level of medical marijuana penetration. Third, this study controlled for some opioid policies including prescription drug monitoring programs and pain clinics but did not control for others such as prescription limits, tamperresistant prescriptions, doctor-shopping restrictions, physician examination, and pharmacist verification. Although, a study evaluating the effects of these laws found no association between implementation of these laws and opioid use 45 . Fourth, we did not determine whether the reduction in chronic use was due to persons on chronic therapy discontinuing opioids or whether fewer patients who initiated opioids continued to use them chronically. Fifth, although we have data from 50 states, our data may not be representative of the commercially insured population at the state level. Sixth, we did not have data on the extent patients in our study were using medical cannabis, and hence, we can only speculate that reductions in opioid use associated with MML were because of a substitution effect. Lastly, when this study reports lower odds of opioid use in adjusted analyses, we are actually reporting a rate that is lower relative to states that did not implement MML pooled with pre-MML time periods in states that did implement MML. It should be noted that opioid use, chronic use, and high-risk opioid use increased, on average, in unadjusted analyses after implementation of MML.
CONCLUSION
These results suggest that MML could be one policy tool that may modestly decrease opioid use; chronic and highrisk opioid use in a landscape where pain management options are limited and opioid misuse and addiction are rising rapidly. However, more research on the health benefits of marijuana is required 38, 46 and future analyses weighing the potential benefits of decreased likelihood of opioid use with the potential risks of MML such as increased prevalence of mental health disorders and misuse of marijuana need to be conducted. Predicted probabilities were estimated from each model and multiplied by 100 to obtain percentage predicted probability. Differences were calculated using t tests. *In addition to state of residence and year, the models accounted for patient age, gender, and payer type, whether the patients received a chronic pain diagnosis, non-chronic pain diagnosis or experienced trauma, surgery, childbirth, dental procedure, any inpatient stay, burn, or any emergency department visit in the given year. Also the model accounted for the following state level factors as fixed effects: presence of prescription drug monitoring program, presence of pain clinic laws, unemployment rate, and number of physicians per 1000 persons †
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A multilevel logistic regression model with state of residence as random effects and year as fixed effect was used. ‡ Sensitivity analysis I used the availability of dispensaries to define the start date of MML in states which prohibited cultivation by patients or their primary caregivers § Sensitivity analysis II was a logistic regression model with both state of residence and year specified as fixed effects and standard errors clustered within state to account for nesting of patients within a state ‖ Sensitivity analysis III included only the first observation for each patient such that each patient was used in the analysis only once
